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Remembering Melvin P. Klein (1921^2000)
R. David Britt, Kenneth Sauer, Vittal K. Yachandra *
Mel Klein’s major contribution to photosynthesis
research was his dedicated pursuit of the structure of
the Mn complex involved in photosynthetic oxygen
evolution, and the mechanism by which the Mn com-
plex catalyzes the oxidation of water to oxygen. EPR
and X-ray absorption spectroscopies have provided
much of the information that is now known about
the structure of the Mn complex, and Mel’s research
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on this topic was characterized by the use of both of
these techniques and the elegant interplay between
these two methods. Photosynthetic water oxidation
is the subject of this special issue of Biochimica Bio-
physica Acta, edited by Jonathan Nugent, and it is a
very appropriate forum for including a tribute to
Mel, his life, and his work. Mel died suddenly, at
the age of 78, at his home in Berkeley on May 28,
as he was preparing to go bicycling in Golden Gate
Park in San Francisco.
Mel Klein was born in Denver, Colorado to an
American mother and a Hungarian father, and he
attended, appropriately for half a Hungarian, the
Teller Elementary School.1 As a young boy Mel dis-
played an early a⁄nity for biology and physics, play-
ing endlessly with both plants and baseballs. He went
on to Aaron Gove Junior High where, by age 10, it
had become clear that he was a prodigy with gadgets
and electronics. He became a radio ham at age 11,
infecting his teacher with this a¥iction and founding
a school radio club. He stayed an avid ham radio
enthusiast until his death, serving as radio liaison
on the Berkeley hills ¢re patrol. It is told that young
Mel the gadgeteer stalked the residents of his Denver
neighborhood, confronting them in the streets, chal-
lenging them to give him a broken radio to ¢x. At
East Denver High School, Mel was an outstanding
student and a much decorated scout leader. He at-
tended Denver University, working at the same time
as an ‘engineer’ in local radio stations.
When December 7, 1941 came, he quickly found a
job with the Army Air Corps at the Logan air base
in Utah as a civilian radio engineer. Relocating to a
subsidiary outpost at Las Vegas, Nevada, Mel did a
lot of £ying in C-47s with outside temperatures of
360‡C or lower. He later got a job with the O⁄ce of
War information in San Francisco as an engineer.
After a year in which he learned to love the San
Francisco bay area, he went to Washington, DC to
a ¢rm of consulting radio engineers.
Mel’s early love of rf technology as a ham radio
bu¡, his a¡ection for radio techniques and his formal
pre-war engineering training at Denver University
led him into radar research at the Harvard Radio
Research Lab that worked on countermeasures to
the MIT Radiation Lab’s development of radar.
This was followed by a stint in the Paci¢c theater,
where he was attached to a group of civilian scien-
tists/technicians who were part of an intelligence sec-
tion of MacArthur’s headquarters working with ra-
dio antennae, following him closely from Australia
to New Guinea to the Philippines. During that peri-
od, Mel learned physical optics and decided to learn
more about physics and electromagnetic theory.
These wartime rf technologies led directly to the
rapid advent of magnetic resonance spectroscopies
after the war. In 1945, back in Cambridge, Mel lis-
tened to Felix Bloch talk about an idea he had for
doing ‘something magnetic’. In fact, Bloch essentially
o¡ered Mel a graduate student fellowship at Stan-
ford to work on this ‘thing’. Mel remembered that
he was not yet turned on to the idea of graduate
school and hence, he reminisced, what became Bloch,
Hansen and Packard could have been Bloch, Hansen
and Klein, placing Mel at the epicenter for NMR
development had he chosen that path.
Deciding to return to school, Mel did the ¢rst year
of medical school, and then switched to physics and
biophysics. Mel went to Dave Sloan’s lab at Berke-
ley, where George Feher was also working at that
time. He ¢nished the degree in Physics in 1952,
joined the UC Radiation Lab in 1952 in the electrical
engineering department, and obtained his Ph.D. de-
gree in Biophysics in 1958. During this period, Mel
became acquainted with the Luis Alvarez group and
was part of the radiation-monitoring group that was
present at the ‘Mike shot’ at Eniwetok atoll. Mel
spent some time with Alvarez at Livermore where
he was involved with the rf for a giant proton
LINAC that quickly led him into the world of mag-
netic resonance. He learned about NMR as a way of
measuring magnetic ¢elds for a mass spectrometer
being used for the measurement of Li isotope ratios.
Looking at a table of spins and moments, Mel real-
ized that NMR could also be used to directly obtain
this ratio. Management concurred and bought the
¢rst Varian instrument for delivery to Livermore;
this led to a number of papers describing the funda-
mental magnetic properties of various nuclei. In
these early years of his research career, Mel worked
on NMR experiments with collaborators such as
1 Portions of this tribute are edited excerpts from a talk given
in honor of Mel Klein by Alex Pines, which appeared in J. Phys.
Chem. B 102 (1998) 8123^8124.
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John Waugh and Walter Knight. He also started his
¢rst EPR experiments, initially working with Ray
Ward at Livermore. Mel also collaborated with
Alan Portis’s group in designing an early superheter-
odyne EPR spectrometer, including a novel bimodal
cavity that inspired many of his subsequent students
as one of the star items in Mel’s amazing collection
of microwave and rf components.
In 1960, Bill Blumberg, one of Erwin Hahn’s stu-
dents who had gone to Bell Labs invited Mel to
come for a year. The Labs were a super place and
many friendships were forged. There he worked
mostly on paramagnetic solids, and the results of
collaborations and close friendships with scientists
such as Bill Blumberg, Bill Mims, Stanley Gesch-
wind, and Jack Peisach echoed throughout Mel’s
subsequent career. It was shortly after returning to
Livermore in 1961, that George Barton and Mel
came up with the idea of digital signal averaging
methods for noise reduction from which we have
all bene¢ted so immensely. Lawrence Berkeley Na-
tional Laboratory (LBNL) Director Charles Shank
said in his tribute to Mel, that the digital signal-aver-
aging technique has become ‘the sine qua non of
modern Fourier transform NMR spectroscopy and
has permeated most ¢elds of experimental science’.
In 1963 Melvin Calvin invited Mel to join his
group in Berkeley to help strengthen the sta¡ of
the new Round House. Mel became involved in an
extraordinary range of activities, making important
contributions to NMR, EPR, Mo«ssbauer, ESCA,
perturbed angular correlation, MCD, and microwave
photoconductivity. Except for brief sabbaticals in
Paris (1966^67) on a Guggenheim and in Berlin
(1988^89) on a Humboldt award, Mel spent the
rest of his biophysics career in Berkeley. He carried
out a broad and vigorous program of magnetic res-
onance spectroscopy in physics, chemistry, and biol-
ogy. His work over these years continued to include
fundamental instrumentation development, including
the building from the ground up of a number of
NMR and EPR spectrometers. Also, in the late
60s, Mel obtained one of Varian’s ¢rst NMR instru-
ments with a superconducting magnet, a 220 MHz
proton CW spectrometer, and quickly converted it
into an FT instrument, one of the few around at
that time and the ¢rst in an academic institution.
The array of scienti¢c topics to which Mel brought
his magnetic resonance expertise is comprehensive
indeed, including photosynthetic systems, ferri-
chrome, porphyrins, paramagnetic proteins, excited
spin states, radioactive nuclei, small organic chemical
species, liquid crystals and biological membranes,
solid state systems, in vivo nuclear spins, mechanisms
and applications of CIDNP, and coherent Raman
beat EPR spectroscopy. In recognition of Mel’s con-
tributions to magnetic resonance spectroscopy, he
was elected as a Fellow of the International EPR
Society.
In the early 70s, Mel was turned on by the poten-
tial of spectroscopy using synchrotron radiation, just
then becoming available at the Stanford electron
storage ring, to study the Mn complex involved in
photosynthetic oxygen evolution.
In a review article he wrote about photosynthetic
oxygen evolution for a special issue of Photosynthe-
sis Research dedicated to the memory of Bessel Kok,
Mel Klein reminisced on how he was initiated into
the realm of photosynthesis research, especially with
regard to the Mn complex in the OEC (quoted be-
low).
‘This article re£ects the personal perspectives of
one of us (MPK) who came to the problem with-
out signi¢cant previous experience in photosynthe-
sis research even while hearing about it on an al-
most daily basis because of the foment in the
Melvin Calvin Laboratory.
In the late 1960s, one of us (Ken Sauer) was
aware of the experiments on the £ash induced oxy-
gen evolution by Joliot et al. and the various in-
terpretations by him and by Kok. One of Sauer’s
postdoctoral fellows, Dr. Charles Weiss, under-
took to extend these experiments using a Q-
switched ruby laser, just then becoming available.
It was in that context that Klein became aware of
the problem.
It was also during this period that Sauer’s stu-
dents G.T. Babcock and R.E. Blankenship were
performing EPR experiments that showed that,
upon treatment with Tris, thylakoid membranes
released EPR detectable Mn into the inner (lume-
nal) aqueous spaces with concomitant loss of oxy-
gen evolution. Following rewashing in a Tris-free
bu¡er containing DCIP/ascorbate, the Mn(II)
EPR signal became undetectable and oxygen evo-
lution was restored.
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In late 1972 or early 1973, Professor Marvin
Cohen of the Berkeley Physics department who
was chairman of the Gordon Research Conference
on The Physics and Chemistry of Solids: Deep
Level Spectroscopy, invited Klein to attend. The
latter, claiming that such topics were far from Bio-
physics, acquiesced to Cohen’s blandishments:
‘‘Come! You’ll learn something.’’
It was during that Conference that Dr. Dale
Sayers lectured on Extended X-ray Absorption
Fine Structure (EXAFS). It became immediately
apparent that such studies could be used to probe
the structure of the Mn moieties and address the
question of whether the oxidation state(s) of the
Mn were in£uenced by light. It was known that
the binding energies of core electrons re£ected the
oxidation states of elements. Such information was
being derived at that time from X-ray photoelec-
tron spectroscopy, XPS.
Fortunately, members of the physics community
recognized that to make the experiments of Sayers,
Lytle and Stern accessible to a larger community,
it would require a convenient source of intense,
collimated and tunable X-ray photons. They
were our colleagues at Stanford who had the in-
sight to begin the conversion of the Stanford Posi-
tron Electron Accelerator Ring, SPEAR, into a
synchrotron radiation source. Using only the X-
ray £ux emanating from a conventional X-ray
tube, it would have been impossible to perform
experiments on samples as dilute in Mn as are
thylakoid membranes. Also, X-ray absorption
spectra from such dilute biological samples could
not be collected in the absorption mode, and to
overcome this problem our group introduced the
£uorescence method of collecting such spectra. We
demonstrated that the X-ray absorption spectrum
of Mn in a leaf could be collected using such a
method.
It was with this background that our group ¢rst
began study of the Mn atoms in PS II.’
Mel’s contributions to XAS have been marked by
his interests in applying state-of-the-art technology,
an example of which was the introduction of the
£uorescence detection system. The X-ray detectors
at this time used scintillator coupled photomultiplier
tubes. Mel realized that, for the detection of dilute
samples, it would be advantageous to use solid-state
energy-discriminating detectors. However, the linear-
ity of shaping ampli¢ers in use at that time was too
limited. So Mel provoked the detector group in
LBNL to design and build faster shaping ampli¢ers.
It was with such a detector that some of the most
important contributions to the X-ray absorption
spectroscopy of Mn in the OEC were obtained. He
and his coworkers have made seminal contributions
to what is known about the structure and oxidation
states of the Mn complex as it cycles through its ¢ve
light-induced states. At the time of his death, Mel
was actively pursuing X-ray spectroscopy research
of the OEC in plants, a ¢eld to which he had made
fundamental contributions for the past quarter cen-
tury. Mel also was instrumental in establishing bio-
logical research facilities at Berkeley Lab’s recently
built Advanced Light Source.
In the 1980s, as his manganese EXAFS program
grew into a major part of Mel’s overall research pro-
gram, the natural tie with Mn EPR spectroscopy
developed alongside. Interestingly, Mel’s interest in
Mn in plants seems to have started during his sab-
batical at Bell labs. He relished relating a story about
how, while driving with Bill Blumberg to Bell labs,
they stopped on the roadside and picked some green
leaves, which they ground up and stuck in the EPR
to observe a characteristic six-line Mn2 signal. This
experiment with a leaf was later repeated by obtain-
ing a X-ray absorption spectrum of Mn, as described
above.
Mel’s EPR contributions to oxygen evolution re-
search include: the initial EPR characterization of
mixed valence dinuclear Mn clusters, studies of
chemical exchange and magnetic isotope e¡ects on
the multiline EPR signal lineshapes, EPR character-
ization of thermophilic cyanobacterial PS II, pulsed
EPR applied to the paramagnetic PS II states, paral-
lel mode EPR of PS II and Mn model systems, ori-
entation e¡ects on ammonia-treated and native PS II
membranes, and investigations of the EPR properties
of the S0 state. There was always a great natural
synergy between the EXAFS and EPR e¡orts, for
example with careful EPR analysis of the S-state ad-
vancement of EXAFS samples, or of the alignment
of oriented membranes, or in the use of EPR in
de¢ning interesting EXAFS experiments based on
known EPR e¡ects, such as the formation of the
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g = 4.1 signal or alteration of the multiline EPR sig-
nal with Sr2 or NH3 treatment.
In addition to his substantial intellectual contribu-
tions to fundamental science and research, Mel Klein
was a mentor and good friend to a large number of
students, postdoctoral researchers and colleagues.
Every day working with Mel brought a dozen new
ideas. After a few months, a new student learned that
she/he didn’t have to actually follow up on all of
them! In fact, many of Mel’s suggestions often didn’t
really clearly register at ¢rst, but might only achieve
clarity after a few days of rumination! Mel’s favorite
way of describing his approach to students was as he
described it: ‘I sent them ¢shing with the hope that
they would get caught.’ A great delight was spending
time with Mel rummaging through the equipment
drawers and closets of the Calvin lab. Mel knew
what every piece of equipment had been used for,
and would share fond memories about the experi-
ments and colleagues. His o⁄ce door characteristi-
cally stood open, and he was never too busy to
discuss signi¢cant science with anyone from under-
graduates to senior colleagues. His visitors typically
departed with new insights and clever ideas as re-
wards of conversations with Mel. This quality, to-
gether with the respect he showed everyone, whether
student, administrator, or scientist, earned him uni-
versal admiration and a¡ection. He was particularly
valued for his expert and authoritative advice on the
broadest spectrum of physics, biology and chemistry.
He loved to design and build novel instrumentation,
and he was often at the console showing students
how to tweak the controls to optimize performance.
His hands were as gifted as his mind. Mel was always
very generous about taking his students to meetings,
and he would make sure they made acquaintances
with his many friends. Many important scienti¢c
connections were fostered by Mel in this way. It’s
another way his spirit lives on today.
His students and associates over the years honored
him with a symposium held in January 1998. In a
Festschrift issue of the Journal of Physical Chemistry
B issued on October 15, 1998, the symposium pro-
ceedings were accompanied by a biographical sketch,
a list of over 200 of his publications and an even
longer list of scienti¢c associates with whom he in-
teracted during his long career. On the occasion of
the symposium honoring Mel, his friend and col-
league Alex Pines concluded his talk with the follow-
ing observation: ‘Mel Klein has educated generations
of students and postdocs, many of whom have gone
on to stellar careers, and he has been and remains an
enduring inspiration to us all. But Mel also has that
rarest of human qualities ^ he is a mensch, a real
mensch. Dear Mel, I am sure that I write on behalf
of all your students and colleagues when I say that
you have earned our love and our respect. All the
bypasses in the world cannot change the integrity
and the warmth of your heart.’
In announcing Mel’s death, Graham Fleming, di-
rector of the Physical Biosciences Division of LBNL,
of which Mel was a member, wrote: ‘Mel embodied
the spirit of curiosity and interest in the world
around him that marks a true scientist and an intel-
lectual. To say he will be terribly missed is an insuf-
¢cient expression of our loss.’
The impact of Mel’s work is the basis of research
going on in dozens of laboratories throughout the
world. Those of us who worked most closely with
him cherish the memories of great science and
good times together with an unforgettable human
being.
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